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RACQUET HAVI NG PONER RI NG FI ELD OF | NVENTI ON The present invention rel ates
to sportﬁ racquets such as racquetball, squash, and tennis racquets. 5
BACKGROUND OF THE | NVENTI ON Sports racquet franmes i nclude a head, which
supports inter n main and cross strings for hitting a ball and a _handl e
which is grlﬂyggmgvgihe player The conventional nethod 10 PCT. F??ng

pl acenent and support is to drill holes through the racquet franme, and
secure the strings in the string holes so that the main strings extend
parallel to the |ongitudinal _axis, and the cross strings extend

perpendi cul ar to the racquet SBORTS RARQURT HAYINEOBPWER RINGonventi onal

sports racquets 15 is that the power, or coefficient of restitution,
varies at different |ocations on t [ exanpl e, due to the
fact that the typical racquet head | 1'iptical shape, the

lateral |y offset, outlyFiy RRESeNE: F‘-F‘H§§tﬁﬁ’% Fekates dia eporksnraganets rsuah

whi ch are IocaSeﬂacQwetball;tdqna%ﬂ andcteahnis afadquetisacquet head. The
resul t s that the racquet has greater power near the |ongitudinal axis

than at laterally offset Iocatlons ThIS I's exactly the opposite, however,
of what is deSRERBREUNNAN 2 FFERLRONS the string bed laterally off- 25
center, the racquet t erﬂpom m:cquetnfrhnegl h}tﬁtudh e dadr, e stiith ngupports
| oss of power Ofen Y] r r

- providing gregggérgome qhﬁﬁ?ﬁéggeégﬁfoﬁgrwhgg tggg'etﬁéggé %ﬁ&p%
twi sting nmoveRBREL a‘f’%%c’brjtﬁnﬁé?PPQs YerPWIo%W%ﬁ%lrﬂ%ﬂ‘?#}g
| engt h30 of string placement and support is to drill holes through the

racquet frame, and secure the strings in the string holes so

that the main strings extend parallel to the longitudinal axis,

and the cross strings extend perpendicular to the racquet axis.
One of the problems of conventional sports racquets

15 is that the power, or coefficient of restitution, varies at
different locations on the string bed. For example, due to the
fact that the typical racquet head has a generally elliptical
shape, the laterally offset, outlying main strings are much
shorter than main strings which are located closer to the

20 center of the racquet head. The result is that the racquet has
greater power near the longitudinal axis than at laterally
offset locations.

This is exactly the opposite, however, of what is
desirable. When the ball hits the string bed laterally off-

25 center, the racquet tends to twist in the player’s hand,
resulting in a loss of power for the return stroke. Yet, the
string bed, rather than providing greater power in these
regions which might offset some of the twisting movement, also
provides less powver due. to the shorter main string lengths.

30 ‘The power of the racquet also tends to be non-uniform

. - along the length of the racquet; decreasing toward the outer
tip of the racquet. This is due to two reasons. First, the

;. further out on the string bed the ball hits, the greater the
bending moment about the handle. Second, when the ball hits the

35 racquet at a location away from the center of gravity, a
rotation is imparted to the racquet, which absorbs energy and



30 ' The power of the racquet also tends to be non-uniform

al ong the" | ength of the racquet, decreasing toward the outer tip of the
racquet. {This is due to two reasons. First, the further out on the string
bed the ball hits, the greater the bendi ng nonent about the handle. Second,
when the ball hits the 35 racquet at a | ocation away fromthe center of
gravity, a roVAx%@3¥83s inparted to the racquet, which absor RCRESsBES4NA
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string density Y g of the racquet, the string bed
Commonly owned Head U.S. patent No. 3,999,756

discloses a string pattern that compensates for the non-uniform
power distribution across the string bed by varying the spacing
15 between strings. Head discloses that, due to their shorter
..lengths, the strings nearer to the racquet frame are stiffer
- than the strings in the middle of the string bed, e.g., the
center main strings. Head discloses that, by increasing the
string density near the center of the racquet, the string bed
20 " will have a more uniform feel.

It has also previously been proposed to provide
racquetball racquets with a "sunburst", or fan-shape string
pattern, in which the distance between adjacent main strings
increases toward the outer end of the racquet. This has the

25 effect of lengthening the outlying main strings slightly, and
therefore acts to reduce somewhat the variation in power across
the strung surface. The distance by which the lower ends of the
strings can converge, however, is limited by the fact that only
so many holes can be drilled into the frame, in a confined

30 area, without weakening the frame to the point that the racquet
fails during play. Thus, known sunburst patterns have
relatively little effect in compensatlng for unequal main
string lengths.

There has also been at least one proposal to

35 compensate for the variation of power along the axis of the
racguet. Commonly owned Davis U.S. patent No. 5,037,098 °
discloses a sports racquet frame in which the cross-sectional
height of the frame, in a direction pérpendicular to the string
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20 will have a nore uniformfeel. It has al so previously been proposed
tq provide racquetball racquets with a "sunburst”, or fan-shape string
pattern,,in which the di stance between adjacent main strings increases
toward the outer end of the racquet. This has the 25 effect of.

l.engt heni*'ng the outlying main strings slightly, and therefore acts to
reduce somewWN¥R 2633y ariation in power across the strung su

di stance by which the | ower ends of the strings can converge, however, is

limted by thszaé A0l talaad maldl ¥t39h59£&b @&%eaaabesd&wcféuéﬁry teielricae,
In a confine ar¢,=r "fﬂt wea(lgﬁif?lngbe eretothe |ir}}1that
the racquet f %Pa§es P PREPPRF RS gLy
relatively | |st1¥f éﬂm@ Ithectﬁperisalpitgg faer compgnasatenfor sthe niporeageds.
There has al serifiiy Momed®st One proposal to 35 conpensate for the
vari atioon of power alo the.gxjs of jhe ragquet mon| wned vi.g U S
pat ent 2No. 5,037,098 di cf'&‘(ljgh ‘8 TR a:g’etprf’?’ ?nﬁ%ﬁ]e‘ﬁﬁat ern
cross-secti orwlliﬂeimtth@‘ sahe timeproducesimoxet updfprmppodexul ar to the

string 2 V@ D AAFdtics both across the string bed and along the

PCT/ US96/ 06594 bed,. i s .maxi mum at the tip and decreases continuously toward
t he handl e. QQﬁﬁJ % S a franme which becones increasingly stiff toward
the tip, helplng to conpensate for the increased-bending nonent. 5

[t woulgd be demimmbd ©F THR § “,gmigftrlng bed pattern which at the sane
time produces nore uni e mp;l):o

sent invention is a sports racquet, for
example a tennis, squash, or racquetball racquet, which
comprises a frame member including a generally elliptical outer
“head portion, wherein opposite ends of said frame member

15 converge in a throat region. A power ring spans the frame
member in the throat region so that the frame member and power

- ring define a stringing area for receiving strings.
The power ring has an arcuate bearing surface, facing

away from the stringing area, which bows in the direction of

20 the stringing area. Preferably, the power ring is circular or
elliptical in cross-section so that the bearing surface cross-
section is approximatély semicircular. A plurality of
interwoven main strings and cross strings are disposed in the
stringing area. The lower ends of at least most of the main

25 strings wrap about the bearing surface of the power ring. The
main strings extend from the power ring at diverging angles,
and are secured to the outer head portion in locations
producing a generally fan shape configuration.

-Preferably, the upper ends of the main strings are

30 secured in string holes in the frame, which are located so that
‘main strings are provided across substantially all of the
stringing area. Preferably, this is done by distributing main

. string holes from about the 9 o’clock position to the 3 o’clock
position on the outer head portion.
. 35 When the racquet is strung, the tension on the main

strings draws each main string lower end against a region of
the bearing surface representing the minimum distance between
opposite ends of the respective string. Such region will lie
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characteristics both across the string bed and al ong the racquet axis. 10
SUMMARY ©F THE | NVENTI ON The present invention is a sports racquet, for
EXaane,ﬂ tenni s, squash, or racquetball racquet, which conprises a frane
menber inhcluding a generally elliptical outer head portion, wherein
opp05|te ends of said frame nenber 15 converge in a throat region. A
power ring sNUNBEME frame menber in the throat region so t RETUBKE6$ ane
menber and pomer ring define a stringing area for receiving strings. The

power ring Aoerdicwihe BE2the ta S dEch offaﬁtf'ﬂné“@éfnéiéﬁn iR Pehridynd

area, which b | ti i 0g ane Preferably,
the power ri nég)'xfg Cl }gufg‘bgﬁ %%l}%aladljﬁcspgsiog ?’F%ﬂ‘ %ﬁ'

bearing surf %mn%@gémssommhmgysggm@¢ r‘@!ﬁhrﬂr‘%ﬁpﬁsﬁél aty
of inter V\Dverlpfﬁﬂét&tnﬁmsdieﬁaﬁéeésfﬁﬂ ioh@s aRbehét s PPEELerabliy)e ther i ngi ng

The befting So9 stxzage B8, = Bitn Sanptha Relrpen wwndaine Rah Brs "

power ring atthesagengwhigheis ahdlqﬁ;: $heusvn of the diamatdrsadfpthei on
in locations ﬂéﬁd@dﬁ%g% g8RAa" AhkVa fdirvetaie eRAt AaiAtafis aDrnﬁfrﬁml y, the
upper ends of_t Main_stein s ar %Hw cured Ln string,hqgles in the
frane, which %’F%‘fﬁm ﬁ&? %ﬁ”n’ﬁg BFEURYRY Ss
substanti al | ypmfemltYhetmer spgnnbemﬁa OﬂDrthfeepabey ring sis kepinatbn
gl §|t :’chltkwt Ioggtmﬁmt J 'dwghﬁheﬁlﬁérﬁﬁ%!?%tngt kan9pe’ Ebé&iéed)oﬁidﬁ %obe the 3

i
Facauet |5 ot PR AeAReC RbiEn "BRET FRERIY, 10y B manimm aSEADE ARRORR, | ng
| oner end agai nst a redoR Preferrer snhedimentacthecpide anrtipnshefnthenum
di stance bet vpime connecting the elliptical outer head portion with the

throat, have a relatively small curvature, i.e., are generally
15 straight. The outermost main string on each side of the racquet
is spaced from, and generally parallel to, the frame sides. In
- one embodiment, the outermost main strings extend from the
power ring to the outer head portion. However, if desired, the
outmost mains strings can terminate in the lower end of the

20 head. In such a case, it may be more desirable to secure the
lower ends of the outermost main strings in string holes in the
franme.

The present invention increases the lengths of the

outlying main strings, and in so doing increases the power

25 response in the laterally offset areas of the string bed. The
power ring also has the effect, due to its curvature, of
decreasing the lengths of the center main strings, and in so
doing decreasing the power provided in such region. As a
result, the variation in power across the face of the string

30 bed is reduced compared to conventional stringing patterns,
dncluding sunburst patterns;

‘The invention has a further ‘advantage in that the
string density decreases toward the outer regions of the string
bed and increases toward the throat region. As a result, the

35 power produced by the main strings increases as the ball is hit
further out on the string bed and, due to the higher string
density above the throat region, decreases in the lower regions
of the string bed. The present invention thus has the effect of
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opposite ends of the respective strlng Such region will lie 3 WO

96/ 35483 = PCT/ US96/ 06594
perpendi gul ar to the direction of string tension. The bearing surface is
curved such that adjacent |lower main string ends bear against regions on
t He bearihg surface that are spaced at predeterm ned distances from one
anot her. PrefQ5583 the 5 bearing surface has a span | E(GUF*68 M een
opposite sides of the franme, which is at |east the sumof the diameters of

thedrrfu n str Idxmasin »}asb tm%%euwﬁfm ﬁé@toﬂqﬂ '&hi-b&tE anar} BEANY i betdh but
pr edet er m ne Cl et.wee refera e _span
l ength of the %‘gﬁ% tﬂ% Eeggé Eﬁi’ﬁ) &1%75 Hwﬁ% ESB t 3Y® %{htg’epo ﬁﬁ
ring can be I%M%&nsihQﬁﬂ: above the throat joint which will result in the
nmaxi num string length. gng &a&teinateaaermiamﬁs bhetﬁédﬂai)ﬂréti:ﬁﬁgé)f t he

f t [ 1
e ool Yool Bk SheoUaghe A P oLl bRkl S
out er nost i desirabike @ffesthini aedwimeth%l@qmmh ofsgtring f noyements
goneally a1 15 S et e o e et oS

i | U \
T Geai rea .t G MALH AEEI00. LPIRG<Ss A AuBROEed” ihcEFELRS hotee: the
20 head. dnitlesd intmdbe sidesyofctherframes.r Ip tenniscracquets, |soms

ends ofp t he ogfectR®Siowdy halhn' bﬂﬁingnnéiés Nire @x83 18 E.Hﬁoféﬁgﬂsi&'é”ﬁl of
_present |nven n |ncreas%83€g1§ e?% s@riﬁgh%cﬁu“?o?:gtﬂm cen r| n Si and

in so d0|ng|
strlngs) are drilled into a throat bridge which spans the

throat area.
Drilling string holes in the sides of the frame

15 weakens the frame. String holes for the lower ends of the main
strings are particularly undesirable, because they are located
in a region of large bending stress of the frame. However, with
conventional racquets there is no other practical way to secure
the string ends.

20 - Due to the curvature of the power ring bearing
surface, the lower ends of the strings seat at the desired _
location using the string’s own tension acting in conjunction
with the geometric shape of the bearing surface. Thus, the need
for string holes for the lower ends of the main strings is

25 eliminated. As a result of eliminating the lower string holes,
the frame in the lower region of the racquet head is
strengthened, reducing the possibility of frame failure in this
region.

The elimination of the lower main string holes in the

30 racquet sides, with the concurrent elimination of the
‘accompanying string groove, has the further advantage of
increasing the amount of flat surface area on the sides of the

. racquet where cosmetic designs, logos, or other information can
be placed.

. 35 . Preferably, the lower ends of the main strings wrap
around the power ring bearing surface, without string holes,
and are securely retained in place due to the curvature of the
bearing surface. However, if desired string holes or string
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25 response in the laterally offset areas of the string bed. The power
ring alse has the effect, due to its curvature, of decreasing the |engths
of the center main strings, and in so doing decreasing the power provided
in such region. As a result, the variation in power across the face of the
string 30 bed is reduced conpared to conventional stringin atterns,
i'ncl udi ng surf®@P@¥54att erns. The invention has a further adgﬁﬁﬂ§§@mﬁn t hat
the string density decreases toward the outer regions of the string bed and
ibncrﬁases_ t owayid déhggbbveﬁtmalegdé)lfﬁrﬁgdﬁiﬁeﬁhé_ h_tpovgé}.e zﬁ.ﬁg to ﬁmh?]ﬁrsﬁbﬁmi_
y the main sthin c Eﬁéﬁ? dad. he ball is hit further out on the string
bed and, due #@etggwh?g er-string density above the throat region,
decreases in the | over PepcaRebhRAoezding; ke e Pragent: da¥sptioncisiepsy
thus has the &d etring, 4due tiDtHe Faél3that the lower ends of the strings
PCT/ US9g/ 0659 ' I f Cr. reéRg bed,
but al o%g th'e%g‘)?i51 ?hggl?ﬁﬁfégﬁ e gé@mgﬁweﬁq‘i/enf, oiegr%oﬁgagiﬁt f"rge string

bed. The fact SOR¥entAena} gac &herge thei stxings, peeds to be,khrpaded
about the powshrougl, geommet qegs. spaced al so has a desirable effect in

Squash Tacquet s al | ot EprEESLIENE Habguble FEAK HANenBRAIPRE RGPS

hol es dri |l edmashdnege theclowsr el pfakbe headeamibe darggedsifsthe 10

of theibower rmnaishr hagdhef eeheérstrdinglingtimachiné hsordpess aghihBe thentramend

others (the Stsrtiﬁgcggl ﬁécé%iﬁ&etoc Fhle® 5rg§LHt invention, a method is
disclosed for stringing the racquet by simultaneously pulling
two main strings at a time from the top of the racquet head,
which eliminates the need for the stringing machine to engage

15 the lower end of the head.
For a better understanding of the invention,

- reference is made to the following detailed description of a
preferred embodiment, taken in conjunction with the drawings
accompanying the application.

20
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a front view of a racquetball racquet
according to the invention; '
FPig. 2 is a full scale view of the throat section of
25 the racquet:;
Fig. 3 is sectional view, taken through lines 3-3 of
Fig. 2, of the power ring; and
Figs. 4a and 4b are front views of the racquet of
Pig. 1 during two stages of stringing.
30

forming a generally elliptical outer head portion 12, with the
opposite ends 19 of the frame converging into a throat region
35 14 and meeting at a throat joint 16. Below the throat joint 16,
the racqguet is provided with a handle 18 in the conventional
manner. In the example shown, the opposite ends 19 of the frame
extend from the elliptical outer head portion 12 to the throat
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strings) are drilled into a throat bridge which spans the throat area.
Drilling=string holes in the sides of the frane 15 weakens the frane.
String hales for the |ower ends of the main strings are particularly
undesi rahl e, because they are located in a region_oL | arge bendlﬂg stress
of the frame._However, with conventional racquets there is no other
practical way"P3%¥¥8re the string ends. 20 DURCTESIAE4
curvature of the power ring bearing surface, the | ower ends of the strings

seat at the dgeintdlé oeitth @nlysanglignt sturvatre)\Wi.leS)SgeRe#alipg i n

conj unction 'gge%gfygeonetric shape of the bearing surface. Thus, the need
for string holes for"the | ower ends of the main strings is 25 L
elinminated. As a resul tA ®ouWer Filag: 2AgsPans | e frame kbecthroat Yeginnin

the | ower reglep Pist ebovec ahel thesdti Sobnt e1g) @ tocdueisge) 'With the

i bigit ' i Rt hiS ' el j,mnation of .the | ower
e n ot ng nerane Beid 42, G0, - ekftholhg Wb 22 cRY bRRa NG
el i ni nation oftFHRIS. RAfSFRINggPartigularkn\ko Figs.t Re3futhRcpowen aning20f
i ncreasi ng t hbasnmmrajatd Tearingasarface 2N gdviny dns aclitBetias Awdy

: : ced.
Preferany.  t EEOR o ot 80 ipan pobt i6h 447 (LW, T30 RBelhBnTHe 481 g
bearing surfafBe GRYV¥RA beaning;sysfage 24 =pans Sheutaoy sidesi aEdthe frans
due tdla he cuandtbows dnwardlyegbivagdSthé oStrindimy dreal 227€akr SHowh im0
holes or stripgyd 3, in cross-section the ring 20 is circular, such that the
bearing surface 24 is semicircular. However, other shapes may
be employed.
A plurality of interwoven main strings 30 and cross
15 strings 32 are provided in the stringing area 22. The outer
head portion 12 of the frame has a plurality of upper main
string holes 25 for receiving the upper ends of the main
strings 30. As shown, the main string holes 25 are provided
from approximately the 9 o’clock position to the 3 o’clock
20 position, so that main strings 30 are provided across
substantially all of the stringing area 22, i.e., across the
normal hitting area. _
Referring to Fig. 1, in the illustrative example the
ends 19 of the frame extend from the elliptical outer head
25 portion 12 to the throat joint 16 at a median angle of
approximately 32° relative to the racquet axis. The outermost
main strings 40, 40a extend from the power ring 20 spaced from,
but generally parallel to the ends 19 of the frame, at angles
‘of approximately 29°. Thus, as shown in Fig. 1, the main
30 strings fan out at an angle so as substantially to f£ill the
stringing area 22. In the example of a racquetball racguet
shown in Fig. 1, the outlying main strings and frame sides
. above the throat jdint diverge at an angle of about +30° from
the racquet axis, but other angles may be employed, and may be
35 more preferably depending upon the size hitting desired, or
depending upon the type of racquet (e.g., tennis or squash).
The outer head portion 12 and end portions 19 are
also provided with a plurality of cross string holes 28 for
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gr.ooves rmay be fornmed in the power ring to further secure the |ower string
ends. A r.acquet according to the present invention is easy to string, due
to the fact that the |ower ends of the strings 5 are-nmerely w apped
about the power ring, in contrast to conventional racquets where the
Strings need W@9%5848hr eaded t hrough grommet pegs. |n stri ngPREUBAHM: s

wi th conventional stringing nachines, the |lower end of the head can be

damaged i f theeéBiving!€Wéidppdadtd aﬁa&hefsmé R &kehh§s szramsmsm nst

i scl osed for 16 PPRS: SEPTHE AEANd: h§§35?€m4£¥r%2?&§%§ BREH AoFess fining
strings at a S@n8ndrarmain staingr 30ncThecexrss ataingghBghase| ﬂ?ﬁéﬁ’%’% 5t3he
- need for the ghel pat§GetBE e in0tABJBGAStdRary mdrid.over end of the head.

For a bgtter understan of. th nven r t

fol lowihg detail ed desg'hf t 5?":& %t??’é% %%ﬁ#iiﬁdﬁﬂigﬂ i? to
conj unction wthe pmseunainqmg%o.amppanym the: pawer TAngoR0, cen@rreturn to
DESCRI PTI ON OghéHoutEr\iekd ;Eﬂ:ioh ne aff tNEtednly Taidal GEQHGiQ@éﬁtrvaUEt

sccor g, {0 WRE NS 4,902’ criof ¥ S riothal By $EEGRE ene
lines 3-3 of R#g. whichiwraps aneund the; curvedihpgaring surfagea24 of cehe vi ews
of theigacquepoer ring 20. The racquet may be strung with a plurality of
individual pairs of main strings, but preferably is strung with
one continuous main string.
Figs. 4a and 4b illustrate a preferred method of
stringing the main strings using a single string 50 of
15 sufficient length. One end of the string 50 is inserted through
one of the center main string holes 52, looped around the power
ring 20, and pulled through the other center main string hole
54 until there is an equal length of string exiting each of the
two holes 52, 54. '
20 Referring to Fig. 4b, the first two main strings 56,
| 58 are then pulled taut, e.g., using a racquet stringing
machine, and clamped as shown schematically by elements 60.
Thereafter the two free ends of the string 50 are threaded
through the next outlying pair of main string holes 62, passed
25 around the power ring 20, and out through the third pair of
outlying string holes 64, again leaving a length 66 of string
on each side. -
once this is done, the strings 68 are tensioned by
the stringing machine and clamped, and the process is repeated
30 until all the main strings 30 have been strung in the manner
shown in Fig. 1. The cross strings 32 may be strung either
prior to or after stringing the main strings 30.
Referring to Figs. 1-2, as the main strings 30 are
tensioned, the string ends 44 are drawn against the bearing
35 surface 24, and move to a region representing the minimum
' distance between opposite ends of the respective string, as
determined by the curvature of the bearing surface. In other
words, the string will seat in the portion of the bearing
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Fig. 1 during two stages of stringing. 30 DETAILED DESCRI PTI ON OF PREFERRED
ENMBODI MENTS Fig. 1 shows a racquetball racquet 10 having a frame formng a
generally elliptical outer head portion 12, with the opposite ends 19 of
the framg converging into a throat region 35 14 and neeting at a throat
joint 16. Below the throat joint 16, the racquet is provided with a handl e
18 in the corW@A#3d$Rkl nanner. In the exanpl e shown, the oppRSke6R4sd% 19
of the frame extend fromthe elliptical outer head portion 12 to the throat

6 tV€%96/?ﬁ@%§Face 24 1 ing per%snd1cu1ar to the ijﬁectldﬂ:BTP§Q§iQ§594

join Wi only a s ure, | ner Y,

ring 20 spans SR EX PP t?"rﬁc?&ﬁer 8§| ﬁr ‘é}do ﬁ% Pﬁ?oﬁ%eing

joint 16, so ®ndt é4ené$omtiﬁlﬂw Pesitioned Giwmmhtlgr to the

Zt g i nglh ng ar eqe&% Berzgﬁﬁ%yimrﬁw&as inRPfLQUZPQaé)aéddzP]lcdsa'th\é Berthgs.
power aring s Ging

directi gn °f'r 8%’1 BRE gﬁ?éf 'Tﬁ?g(d% F%E ’('ﬁhl '{e? Fglﬂ% ﬁ‘GFe 18).

The curved beaosdgzgnrmwzzbm ﬁmeramesem 'chemimmistence fxom

bows i nwar dl Yth% \BoWekNPing 20)dd &N Stridg 6168026k, 2dH Fordstirings 40
Cross-section g !%lng 20 1s circular, such that the bearlng surface 24 is

sem circul ar. ot her shapes nmay be enployed. A plurality of
i nterwoven mai n stringsD@@ tmdthe actl that thetmaimst2ingse 36r danded in t he

stringapy ar edutwardi, O4h®'due to the curvature of the power ring 20, as
shown in Fig. 2 each string end 44 will be positioned in a
region displaced relative to the adjoining string connecting
section. Preferably, the curvature of the ring 20 is selected
s0 as to allow the string ends 44 to seat against the bearing
15 surface at a predetermined distance from one another, without
contacting each other, or at least without substantial contact.
In the exemplary embodiment shown, the opposite ends
of the power ring 20 are positioned approximately 3/4 inch
above the top of the throat joint 16, and the bearing surface
20 24 of the power ring 20 has a radius of curvature generally of
1 inch. However, as discussed above the radius of curvature of
the bearing surface 24 is chosen so as to maintain a
predetermined spacing between the string ends 44, so that the
. connecting portions between strings are relatively close
25 together (e.g., 1 mm) but do not overlap. This may entail
increasing the radius of curvature in the center of the power
ring 20 (i.e., decreasing the curvature) to ensure that the
string ends 44 do not bunch too close together, and decreasing
the radius of curvature (i.e., providing a sharper curve)
30 toward the outside of the ring to ensure that the string ends
do not become spaced too far apart.
By doing so, the string ends 44 occupy a minimum

\ space laterally, and the length of the power ring 20 can be
kept to a minimun and placed just above the throat joxnt. By

, 35 locating the power ring 20 just above the throat joint 16, the
main strings 30 occupy substantially all of the stringing area
22.



head portion 12 of the frame has a plurality of upper main string holes 25
for recei'ving the upper ends of the main strings 30. As shown, the main
string heles 25 are provided from approximately the 9 o'clock position to
the 3 o' ¢l ock 20 position, so that main strings 30 are provided across
substantially all of the stringing area 22, i.e., across the normal hitting
area. ReferriW@%@543g. 1, in the iltustrative exanpl e the SRGIAUSHEOESHM t he
frame extend fromthe elliptical outer head 25 portion 12 to the throat

oI 15, o an anabe pheseue vt (86 emiyld 1%, WoRlE.
. e r] , 3

20 spaced froraiuetoonaa £fBh b fliapis: naedrfdl S or axmnpls,ca Eiver-

angl es of appriaénfiereed soppesite Mmumetad bhdkewtulké Erafilehc Inathe30

strings fan outorieraGadey! €héOfrdme Wes mdlled! bx i%ﬁéé&m&&ﬁ?ﬁ%%ﬁ%ﬂéa

(

A hown in Fig. "1 e out .
i n St Pinge SBF Be¥ee iAE 28 Aiided Fidibanestaty in e, Same BAmARg 4 o
about [err] 30[%he [thinogk bridgecofiet tenmis bacqueterIfitgiecLrame membep! hyed,
anddmay 3_6 35 made il ﬁeﬁéﬁfg?ﬁﬂ?c’, @?ﬂigmt%ir gf‘ec)t?l;g&gig% ﬂﬁﬁgﬁ%ﬂ%’ -'
oL eBnS: 09 e L B oL feE AP 5 el F'h Tuing SoROBFELS: B0 %1
cross string RAtéd rhresr hridgeySygihzaggquet forming methods are well
PCT/ US26/ 0659 4krictae ianidnfleédl endp It ided c@dB8d Ofut£ifer My .S 1ita¥hadive Y,
shown, in SO A563alet! Ebdfe OE 10 HIBY LECSLYS ,bc%}i 2 a rg%%%hi&&' Ir:]gwer
' ring. The ends of the graphite power ring are secured to the
sides of the metal frame in the same manner as currently
employed to make metal tennis racquets with fused graphite
15 throat bridges.
' If desired, the present invention may be used with a
- constant taper frame as disclosed in commonly owned Davis U.S.
patent No. 5,037,098. In this manner, both the frame and the
stringing system will act to even the power distribution along
20 - the length of the racquet.

In the case of frames made of composite material, the
upper ends of the main strings are secured in a conventional
bumper strip, and the cross strings are secured in conventional
grommet strips, made of hard nylon or other suitable material,

25 to prevent damage to the strings and frame at the edges of the
string holes. Due to the large contact area between the power
ring bearing surface and each string, and the absence of high
stress areas such as string hole edges, a protective hard
plastic strip is not required around the power ring. However,

30 if desired a friction reducing material, such as acetal resin
(e.g., Delrin) or Teflon, may be positioned between the lower
string ends and the bearing surface. When the strings are
tensioned, the friction reducing material will help ensure even
string tension between adjacent main strings.

35 The foregoing represents a preferred embodiment of

' the invention. Variations and modifications will be apparent to
persons skilled in the art, without departing from the
inventive concepts disclosed herein. All such modifications and

10



32 and a main string 30. The cross strings 32 are secured in the racquet
frame in the customary nmanner. 5 The main strings extend
fromthe.gtring holes 25 to the power ring 20, wap around the power ring
20, and return to the outer head portion 12 of the frane. Pairs of adjacent
strings, e.g 2 (Figs. 2-3), are connected by strlng end 44 whi ch

W aps aroundvma, ed bearing surface 24 of the 10 NSOE65%. The
racquet may be strung with a.plurality of individual pairs of mai n strings,

b:JIt p{ efter ablvarﬁﬁﬁdnm&rdhﬁhteﬂae&oﬁIISEJQH?:HhFﬂ Rhat E{t!ﬂﬂl Ef%he"@r@”‘is“?
illustrate a e main strings using a single
string 50 of ‘%ﬁﬂd?& t&%ﬁ%g%‘e%é% rﬁ(ﬁ%end of the string 50 is inserted
t hrough one of the center mai n string holes 52, | ooped around the power
‘ring 20, and pulled through the other center main string hole 54 until
there’is an equal length of string exiting each of the two holes 52, 54. 20
Referring to Fig. 4b, the first two main strings 56, 58 are then pulled
taut,_ e.g., using a racquet stringing machi ne, and cl anped as shown
schematically by elenents 60. Thereafter the two free ends of the string 50
are threaded through the next outlying pair of main string holes 62, passed
25 around the power ring 20, and out through the third pair of outlying
string holes 64, again leaving a length 66 of string on each side. Once
this is done, the strings 68 are tensioned by the stringing. machi ne and

cl anped, and the process is repeated 30 until all the main strings 30
have been strung in the manner shown in Fig. 1. The cross strings 32 nay be
strung either prior to or after stringing the main strings 30.

11



~Referring to Figs. 1-2, as the main strings 30 are tensioned, the string

ends 44 are drawn agai nst the bearing 35 surface 24, and nove to a
Fegi on representing the mnimum di stance en opposite ends of the
respective string, as determ e curyature of the bearing surface.

2 G g IO, i
I

| yi ng perpendicular to the di on Of Stri ng tension. Thus, in the case
of string pai we48lafhg: if the string end 44a is initially positioned either

to the right or to the Jeft | 1] ILn.,Fig. 2, as soon as the

strings 5 40, 42 arié' tékr%%c?neg, P?Eé&égp?%&%éla wll slide to the

) e pashe st oty

ring 0 t heppbsite £ Oy > 4 : ac

t hat thg mai n érhggé ;ﬁg%ﬁgﬁ aoiggtwardly, and due to the curvature of
0, as shown I'n Fidg.

the power ring ] éach string end 44 will be positioned
in a region di spl aBcPOVRr Aing spanning the | opERe iendsc dnnthei threatt i on.
Preferably, tRegiohyaiiéfeiti thee firaiig MEmbér Sl Pokrsing Gefdhé v t he

string ends 4 | [N . I e .
prede?er m nedéa'lg:gflgﬁgé ?%dmr%’%eg%%g?ﬁg;rxé %%%cﬂﬁ' g;ﬁ)‘%trfggﬁi ﬁ%&e 2 e%t’ﬂ’é'}g, or
at | east with&3f 3nbatleash ganeradly arcuate o dnmaringnbearing tsurkage
the opposite cadinglavde frorethe bte? Resd pssrticm athidhpbewsBhedy 3/ 4

inch above thg;(RePbnCuwddt We strlhgify &Fsh# ndearing surface
a plurality of interwoven main strings and cross strings,
wherein the main strings have upper and lower ends, wherein the
lower ends of at least most of the main strings include a
15 connecting section that wraps around the bearing surface and
connects with an adjoining main string, wherein such main
strings first contact the bearing surface along portions of the
bearing surface that are at least generally tangent to the
direction of the respective string, wherein the connecting
20 sections are movable along the inner ring bearing surface so
that tension applied to the main strings draws each connecting .
section against a region of the bearing surface representing
the minimum distance between the connecting section and the.
upper ends of the main strings associated with such connecting
25 section, and the strings are thereby self-seating when tension
is applied, and wherein the upper ends of the main strings are
secured to the outer head portion in locations producing a
generally fan shape configuration.
2. A sports racqguet as defined in claim 1, wherein
30 said power ring is located immediately above the throat joint,
wherein the lower ends of all the main strings include
.connecting sections that wrap around the power ring, and
wherein the outer head'portion includes string holes for
secﬁring the upper ends such that main strings are provided
35 across substantially all of the opening.
3. A sports racquet as defined in claim 2, wherein
tension applied to the main strings draws each lower end
against a region of the bearing surface representing the

12



20 24 of the power ring 20 has a radius of curvature generally of 1
inch. However, as discussed above the radius of curvature of the bearing
surface 24 is chosen so as ' ' edet erm ned spaci ng between the

string ends 44, so that the c ‘ “ (IBS bet ween strin?s areh_ B
relatively close 25 togetam ‘m nm but do not overlap. This may
entail incredPMPRe radius vat r e si n*t he center of - B8RS4 | ng

20 (i.e., decreasing the curvature) to ensure that the string ends 44 do
not bgnch t OOm{h Divén (iGN, beﬂﬁefﬁ%ﬁa&t{]& lehfas! a%@ g}ﬁefiﬁﬁgifué‘ynﬁ‘t% q’g‘nlg'u?e
providing a s v war e oyt si N

that the stri %g{'%r%'sfa d E%‘F%%éé‘oﬁk‘fs S2%4ng (ﬂ?r%t easﬁfst a SUrvRbRe SRSk e
string ends 4thak@fdiaqent mainnstping ¢connacling sectiche beaytagainsthe

power ring 20régioms difithel Bedrihg Surtacy vHaACat LeabtolgVhothe throat
joint. By 35 subs | %hﬁ-gomer ring 20 just above the throat joint 16,
the main strings oc@ﬂ%& 1] Pahtially all of the stringing area 22. 9
WO 96/ 35483 4. A sports racquet as defineRCinUSR8iw6Eowhdrein

Tator1al 1 oy sffhCCHial ' SHEGIh MAUICHS ERCTediP AR e () ©
brof 1o, 1 n tFiS fipeete o2 Ehe' folh Atiing Nkt ARas. agd oo ,
with 5 t heueh khat; thereo ispadrelatineXynmeaddl,y predebhernined mpacing s
the thugoat brbefweed corinidting’ 868t féns |4t lHu) ddete nERADBEriiggRde Of netal
tubing, a hollow tubul ‘y. ?EBL:QS"‘@&::&&&? arrsa%el%‘ined in_ claim 4, wherein

the length of the power ring, and its distance from the throat

joint, are kept to a relative minimum as needed to maintain

such predetermined spacing.

15 6. A sports racqguet as defined in claim 5, wherein
the main string holes are distributed in the outer head portion
substantially between 9 o’clock and 3 o’clock positions.

7. A sports racquet as defined in claim 6, wherein
the racquet has a longitudinal axis, and wherein the main

20 strings include a pair of outlying main strings lying on
opposite sides of the axis, at angles of approximately 130°
relative thereto. :

8. A sports racquet according to claim 5, wherein the
inner ring bearing surface bows with a radius of curvature of

25 approximately one inch.

9. A sports racquet as defined in claim 1, wherein
the bearing surface is generally semicircular in cross section.

10. A sports racquet as defined in claim 2, wherein
the racquet includes a longitudinal axis, comprising a single

30 main string forming the plurality of main strings and
connecting sections, wherein the outer head portion includes
pairs of successively outlying upper main string holes, the
holes forming each pair lying on opposite sides of the axis,
and wherein the racquet is strung by:

.35 (a) passing the main string through one of the upper main
string holes of the pair adjacent to the axis, around the power
ring, and out through the other upper main string hole of the
pair, thereby forming a first main string, a second main

13



secured to the sides of the frame in a manner conparable to a netal throat
bridge. Such racquet form ng nethods are welt—16 known and need not be
describeg further here. Aternati , f frame can be nade of
metal, with a graphite power ri nd\mMH"m'r'm”mmﬁ'a graphite power ring are
secured to the sides of the netal franmetinithe Same manner as currently

enpl oyed to MAY3Bal tennis racquets with fused graphite DET/USIOERM o5
bridges. If desired, the present invention may be used with a constant

}apteL frame astsisg) Wi’&éﬁ&m%aix@m_@&&é%ﬁ spﬁ’cﬂfﬂllné\lﬂ:ht ef, 037, 098.
n i s manne r g emw ac 0 even
the power di S%%s%%%({l(#?%ag%gggoﬁﬂgeyﬁ@ Iéeng gﬁxéﬁé racquet. In the case
of frames made of GOmkenaieningethe fixste andheecondsmainSeringsy strings
g 6. - o eyt i v

sui table mat e?\?“gﬁiﬁgﬁpﬂr ?"gi%réééw&a% de to the strings and frame at
the edges of the sfd) finesting eachi free end, ahoutokhecrovwer xring \and, bagk
g?\ggg g Iugﬁ ggaﬁfnﬂzﬁdﬁd}ﬁ_ lueanggzeaihja?ééﬁtflg;p\?’ﬁdmhhapabﬁtﬁ_ﬁéa:dqhiﬂim hgeas
required arouﬁ%iﬁe%%g/esﬁ:rﬁ'?' 4. al—_%@éﬁ% eﬁ%‘ %t%';'gf é§§i+eﬁ%£#r§id§fn§gj’
reduci ng nmat ePFEING 5 &ndacPnapither side @f the pri$ior Tefl on, may be

posi tizmed bet ween(éhecdmisoning’ the £oustithinhetkengspoandr f ace. Wien the
strings are tensio , fat L CLI r cin b kg, M e ure even
string tension between jpag'é'(;a‘ ty}:rg A géitjl ng@i)%@%h Lhy Hi’? é&ﬁ%ﬁ

f or egoi ng r epPESends thrqughe adddthabupper maisy stringnbekeson. Vari ations
and nodifications will be apparent to persons skilled in the art, w thout
departing fromthe
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A sports racket (10) includes a power ri , Spanning
thcﬂu'oatrcgion(u)ofdwhead.whiehhur::gg)atebearhg 7an
surface (24) facing away from the outer head portion (12) of
the racket (10). The bearing surface (24) bows in the direction /AW u L
of tho stinging ara (22). The Iowes ends o the main sings /\\ \\ \“\ I‘l’ I’ ,L\\
: s 0
%mtwu:llyinafmshapemﬁgmaﬁo;mggdﬁm:?i%: e~ A\ /7 7
power ting (20) has the effect of shortening the center strings, and A4 17 /
lengthening the outlying main strings, o that the power provided A\ V11 {11 7 A .
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direction of the respective string, wherein the connecting 20 sections
are novaBl e along the inner ring bearing.gufface so/ that tension applied
0o the n@in strings draws each connecting sec¢tion against a region of the
beari ng §urfaCe representing the-mnimum di stance between the connecting.
section and the upper ends of the main strings associated with such
¢onnecting 2%O9B5BAct i on, "and the strings are thereby sel f PEEES6A5% hen
tension is applied, and wherein the upper ends of the main strings are
secured to the outer head portion in quagions produci ng a generally fan
shape configuration. 2. A sports racquet as defined in claim1, wherein 30
said power ring is located i nmedi ately above the throat joint, wherein the
| ower ends of all the nmain strings include connecting sections that wap
around the power ring, and wherein the outer head portion includes string

hol es for securing the upper. ends ' tri are provided 35
across substantially all of ™o.1 3 A cquigeas defined in
claim 2, wherein tension ' td the pailn $trfng ch | ower end
agai nst a region of the = TN CFT M ni mum
di stance between opposf end ~Lhelrekndcit ve Lo fstryg \and wherein
the bearing surface Rag a tur\yat yrelsychjt hat acja¢en1 n Yt\i ng
connecting sections S{ O e oeRr 1110 e\t hat at
| east do not 5 ) Lally varlian 4 JA_ED defined in
clain11,'mher%éﬂ \ \

26b~4 TV 171 7\

N\ \\\\ /ILI//[/ /As,_,

28-+d N\ A\ [ [ ] /128
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t he bearing surface has a length which is at |east the suns of the
dianeters<of the main string |ower ends and a curvature such that there is
a relatiwely small, predeterm ned spacing 10 - between connecti ng
sections ;of adjacent main strings. 5. A sports racquet as defined in claim.
4; mhereln the length of the power ring, and its distance fron1th%ﬁ§hroat
jOInt are k 9 3 relative nminimumas needed to maintai nPSHE
pr edet er mi ned spaci ng. 15 6. A sports racquet as deflned in
claim5, wherein the main string holeszqyg distributed in the outer head
portion substantially between 9 o'clock and 3 o'clock positions. 7. A
sports racquet as defined in claim®6, wherein the racquet has a
| ongi tudi nal axis, and wherein the nain 20 strings include a pair of
outlying main strings |lying on opposite sides of the axis, at angles of
approximately 30[err] relative thereto. 8. A sports racquet according to
claim5, wherein the inner ring bearing surface bows with a radius of
curvature of 25 approxi mately q ports racquet as defined
in cl'aim1, wherein the bed@iQg sHr\ 7 Y | aﬁglClrcular in cross
rein the racquet

section. 10. A sports racquet :'
i ncl udes a | ongi tudi nal axfi ﬁ/@ mai n string
A ng SBefions, wherein the

formng the plurality of Al N st

outer head portion include i oui/ yi‘'mg upper main
string holes, the holes fd @ on gppost¥9si des of the
axis, and wherein the racd Q/ (a) passing the
mai n string through one ng Aig0ey of the pair adjacent
to the axis, around the gowe N/

Fig. 2

a2
a2 20
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ring, and out through the other upper main string hole of the pair, thereby
formng a*first main string, a second nmain 13 string, and a pair of main
string free ends exiting the respective pair of upper nmain string holes;

(b) tensipning the first and second main strings; (c) passing each main
string free end through the next 5 outlying upper main string hole; (d)
directing ealYPR&#3and about the power ring and back out tRCHESHNA6HM next
adj acent upper main string hole, forming a third nmain string, a fourth nain
string, and a remaining nmain string frﬁﬁlﬁnd, on either side of the axis;
10 (e) tensioning the fourth I M strings; and (f) repeating steps
(d) - (e) until the main string extends through all the upper main string
hol es. 14

]

Fig. 4b

Fig. 4a




